The OSHA standard for coke oven emissions, which went into effect in January 1977, sets a permissible exposure limit to coke oven emissions of 150 jig/m3 benzene-soluble fraction of total particulate matter (BSFTPM). Review of the epidemiologic evidence for the standard indicates an excess relative risk for lung cancer as high as 16-fold in topside coke oven workers with 15 years of exposure or more. There is also evidence for a consistent dose-response relationship in lung cancer mortality when duration and location of employment at the coke ovens are considered.
Introduction
The current standard for occupational exposure to coke oven emissions appeared in the Federal Register in October 1976, and went into effect in 1977 (1) . This OSHA standard sets a permissible exposure limit to coke oven emissions of 150 ,ug/m3 benzene-soluble fraction of total particulate matter (BSFTPM) produced by the destructive distillation or carbonization of coal. In addition, the standard specifies minimum work, practice and engineering controls, as well as use of respirators and protective clothing. This paper presents an overview of the major epidemiologic research that formed the basis for establishment of the standard. In particular, the evidence for a dose-response relationship between exposure to coal tar pitch volatiles and lung cancer is reviewed. The problems and issues inherent in the evaluation of effects of exposure to various levels of coal tar pitch volatiles is discussed.
By-Product Coke Plant
In order to understand the nature of the exposures, some knowledge of the by-product coke plant is useful. The primary purpose of the byproduct coke plant is the transformation of coal into metallurgical coke, with a secondary func-*Department of Biostatistics, University of Pittsburgh, Pittsburgh, PA 15261. tion being the recovery of chemical by-products resulting from carbonization. The first by-product coke plants were introduced shortly before the turn of the century. Prior to that time beehive ovens were used for the production of the coke required in the steel-making process. Beehive ovens, which allowed the volatiles produced during coal carbonization to escape into the atmosphere, were gradually replaced by by-product coke ovens. Except for brief periods during World War II and the Korean War, virtually all coke has been made in by-product coke ovens in recent years. The by-product coke plant consists of three major areas: a coal-handling area for handling storage and blending of coal; coal oven batteries for production of coke; and by-products plant for recovery of gas and chemical products such as ammonia, naphthalene, benzene, creosote oil and toluene.
A coke battery consists of 10 to 100 ovens made up of heating chambers, coking chambers, and regenerative chambers. Heating and coking chambers alternate, while the regenerative chambers are located underneath. Coal is charged through ports on top of the oven, while doors on both sides of the ovens are removed to push the coke out into railroad quenching cars at the completion of the 16-20 hr combustion time. The effluents created during the coking process are collected and routed through pipes to byproduct areas for further refinement. The major exposures to workers result from leakage about the lids or pipes at the top of the ovens or from the oven doors due to incomplete sealing.
Background of Coal Tar Cancers
An excellent review of the historical studies of coal tar has been presented previously by Lloyd (2) . The most important epidemiologic observations are summarized here to provide the background for our investigations of coke plant worker's mortality.
It has been known for over 200 years beginning with Percivall Pott's observation in 1775 of scrotal cancers in London chimney sweeps that some agent produced during combustion of bituminous coal was carcinogenic for the skin of man (3) .
The next occupational group noted to have a risk of scrotal cancer was men involved in the carbonization of lignite (4). This was followed by a report of Manouvriez in 1876 that French briquette workers who were exposed to coke oven tar and pitch suffered from scrotal cancer and facial epithelioma (5) . Further reports of occupational skin cancers in related occupations followed, leading Great Britain in 1907 to include scrotal epithelioma and epitheliomatous cancer of the skin related to exposure to coal tar compounds under the Workman's Compensation Act.
In 1907 the first report of skin cancers among carbon workers in the United States was published (6) . Animal studies beginning in the early 1900s eventually resulted in the isolation of 3,4-benzpyrene, a potent skin carcinogen (7) .
Observations dealing with cancers of other organ sites in association with coal tar or distillate exposures began to appear in the 1930s. Both Japanese (8) and British (9) producer gas workers were reported to show excesses in lung cancer. The earliest study of coke oven workers published by Reid and Buck (10) (2, (11) (12) (13) (14) (15) (16) (17) (18) (19) . The study data included birthdate, birthplace, race, complete detailed work history at the plant, residence in 1953, and date and cause of death when applicable. Underlying causes for the deaths were coded by a trained nosologist using the Seventh Revision of the International List (20) .
Our interests centered on men employed at or in the immediate vicinity of the coke ovens. However, classifying workers' into various work and exposure groups is complicated, even with the detailed job histories available in the steelworkers study. Terminology from plant to plant and over time is not standardized, and certain job titles are too ambiguous to classify precisely.
The coke ovens and by-products plant can be divided by location at the ovens or type of byproduct operation. Generally, jobs have been classified into coke oven or non-oven jobs, with the coke oven group including all jobs requiring some or part of the working day spent at the top or side of the coke ovens. For our analyses based on duration of exposure, priority has been given to the coke oven experience when assigning a worker to oven or non-oven. Similarly, work at the top of the ovens has been given priority over work at the side of the ovens when considering specific subgroups at the coke oven (21) .
Classification of workers into various categories within the coke plant has been done as described above, with workers in the steel industry who were never in the coke plant being used as the comparison group for calculating expected deaths and mortality ratios. All estimated relative risks have been adjusted for race, age, and calendar period of death. Significance of the relative risks has been assessed by a summary chisquare with one degree of freedom (22) .
Lloyd (2) presented the first analysis of coke plant workers in Allegheny County based on the follow-up period, [1953] [1954] [1955] [1956] [1957] [1958] [1959] [1960] [1961] . His major observa-tions were as follows. There was an excess mortality risk from lung cancer among coke plant workers, which was confined to men employed at the coke ovens. The greatest risk occurred among the topside workers where the estimated relative risk was 10-fold among men with five years or more at the top of the ovens. The risk was apparently limited to nonwhite workers, but an examination by length of exposure at the top of the ovens showed that topside oven workers in the Allegheny County plants at that time were primarily black. This observation suggested that lack of sufficient exposure to produce lung cancer might explain the negative finding for whites. Also, an excess risk of certain digestive cancers occurred in non-oven coke plant workers, but the number of deaths was too small to attempt to delineate the risk further.
Because of the need to define more fully the lung cancer risk among coke oven workers, particularly as related to racial and geographic differences, the study was expanded in the late 1960s to ten additional plants. For these plants the study population was limited to all coke oven workers and a sample of other workers in the plants matched by race and starting date of employment to the coke oven workers. In addition, the mortality observation period for the original Allegheny County steelworkers population was extended through 1966.
Examination of the mortality through 1966 for 4661 coke oven workers in the expanded study revealed that (15) the excess lung cancer risks among white and nonwhite workers were similar when length and area of employment at the ovens were taken into account; the excess risk noted for Allegheny County workers occurred in other geographic areas as well; a finding of a significant excess in kidney cancer deaths became apparent with the larger cohort available for study.
Subsequently, we updated the employment histories and mortality for the Allegheny County steelworkers through December 1970. The most recent phase has extended the observation period for mortality through 1975 for both the Allegheny County and non-Allegheny County workers, but unfortunately did not include updating of employment records for either study (23) . Finally, Table 3 summarizes the observed deaths and relative risks of dying from other respiratory diseases. In contrast to the findings for lung cancer, excess risks for oven and nonoven workers are about the same order of magnitude and increase with longer exposure durations. However, the lack of specificity to any particular work area or occupational group complicates the interpretation. fold. The temporal patterns in excess risk are interesting; they indicate the greatest excess during the earliest follow-up period for Allegheny County coke oven workers (Table 5 ) and a later peak risk for the non-Allegheny County coke oven workers (Table 6 ). This observation is not surprising since several of the non-Allegheny County coke plants did not begin operations until the 1940s and would, therefore, be unlikely to show excesses in the earliest follow-up period. Both cohorts have experienced some decrease in relative risk during the most recent period, although it is not possible to conclude whether this is attributable to a reduction in exposure levels. Continued monitoring of these cohorts would be useful to demonstrate the extent to which lowering of exposures is associated with consistent declines in excess risk.
Evaluation of Dose-Response Relationships
Several approaches to investigating dose-response relationships were explored by using mortality data from the steelworkers' study and environmental data described below. The 150 pg/m3 BSFTPM is discussed relative to the results obtained. Independent of the steelworkers' study, a survey for exposure to coal tar pitch volatiles (CTPV) was initiated in 1966 by the Pennsylvania Division of Occupational Health at 10 coke oven installations (24) . The results of the sampling and chemical analysis have been used to estimate average exposure levels for specific jobs at the ovens. Following statistical analysis, the surveyed jobs were categorized into three exposure groups with mean levels of CTPV (mg/m3) given by 3.15, 1.99 and 0.88, respectively (25) . (Note that 1 mg/m3 CTPV can be taken as equivalent to 1000 gg/M3 BSFTPM when relating our analyses to the OSHA Standard.) The assignment of each of the 106 coke oven jobs into one of these three exposure groups was a difficult problem. Detailed descriptions of the coke-making environment, the work performed, and the evaluation of an industrial hygienist, provided criteria for deciding into which category a job number would be placed. Most of the coke oven titles in the work histories could be assigned with some certainty to one of the exposure groups.
These mean exposure levels were based on samples from one point in time. Also, in only three instances did the coke plants surveyed coincide with plants studied for mortality. Hence, the average exposure levels must be taken as rough approximations at best. It is worthy of mention that another substantial body of exposure data is that developed by the American Iron and Steel Institute (AISI). Since their exposure values are almost always less than those obtained in the Pennsylvania Department of Health survey, dose-response models based on their dose observations would have resulted in greater risks associated with exposures less than those described below.
Following a commonly used procedure, a preliminary index of cumulative exposure was defined as follows: A direct method of age adjustment was performed for each of the exposure intervals as well as for the overall oven workers and non-oven controls for each specified cause of death. This analysis indicated that for the nonwhite workers there was a strong association between level of exposure to CTPV and lung cancer mortality (Fig. 1) . Thus, CTPV was a reasonable index to use based on its relationship to the lung cancer mortality. The value for the lung cancer rate for each interval may be considered to be the average rate for the entire interval, and the average expo- 
